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Supporting Information for Methine (CH) Transfer via a Chlorine Atom 
Abstraction / Benzene – Elimination Strategy: Molybdenum Methylidyne 
Synthesis and Elaboration to a Phospha-Isocyanide Complex 
 
General  Considerations 
 
Unless stated otherwise, all operations were performed in a Vacuum Atmospheres dry 
box under an atmosphere of purified nitrogen or using Schlenk techniques under an argon 
atmosphere. Anhydrous diethyl ether was purchased from Mallinckrodt; pentane, n-
hexane, and tetrahydrofuran (THF) were purchased from EM Science. Diethyl ether, 
toluene, benzene, pentane, and n-hexane were dried and deoxygenated by the method of 
Grubbs.1 THF was distilled under nitrogen from purple sodium benzophenone ketyl. 
Distilled solvents were transferred under vacuum into vacuum-tight glass vessels before 
being pumped into a Vacuum Atmospheres dry box. C6D6 and CDCl3 were purchased 
from Cambridge Isotopes and were degassed and dried over 4 Å sieves. THF-d8 was 
passed through a column of activated alumina and stored over 4 Å sieves. The 4 Å sieves, 
alumina, and Celite were dried in vacuo overnight at a temperature just above 200 ºC. 
Compounds 1,2 2,3 7-chloronorbornadiene,4 7-t-butoxynorbornadiene5 and benzyl 
potassium6 were synthesized according to literature procedures. Other chemicals were 
used as received. 31P, 1H and 13C NMR spectra were recorded on Mercury 300 or Varian 
INOVA-501 spectrometers at room temperature, unless indicated otherwise. Chemical 
shifts for 1H and 13C are reported with respect to internal solvent: 7.15 ppm and 128.38 
(t) ppm (C6D6); 7.27 ppm, and 77.23 (t) ppm (CDCl3); 1.73, 3.58 ppm and 25.37, 67.57 
ppm (THF-d8). Chemical shift for 31P is reported with respect to 85% aqueous H3PO4 (0 
                                                 
1 Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.; Timmers, F. J. 
Organometallics 1996, 15, 1518. 
2 Laplaza, C. E.; Johnson, M. J. A.; Peters, J. A.; Odom, A. L.; Kim, E.; Cummins, C. C.; 
George, G. N.; Pickering, I. J. J. Am. Chem. Soc. 1996, 118, 8623. 
3 Peters, J. C.; Johnson, A. R.; Odom, A. L.; Wanandi, P. W.; Davis, W. M.; Cummins, 
C. C. J. Am. Chem. Soc. 1996, 118, 10175. 
4 Clarke, S. C.; Johnson, B. L. Tetrahedron 1968, 24, 5067. 
5 (a) Story, P. R. J. Org. Chem. 1961, 26, 287. (b) Story, P. R.; Fahrenholtz, S. R. Org. 
Syn. 1964, 44, 12. 
6 Hoffmann, D.; Bauer, W.; Hampel, F.; van Eikema Hommes, N. J. R.; Schleyer, 
P. v. R.; Otto, P.; Pieper, U.; Stalke, D.; Wright, D. S.; Snaith, R. J. Am. Chem. Soc. 
1994, 116, 528.  
 
 2
ppm). CHN analyses were performed by H. Kolbe Mikroanalytisches Laboratoriüm 
(Mülheim, Germany). 
Preparation of (1-CK)2 using 7-chloronorbornadiene 
 
A concentrated solution of 1 (11.05 g, 17.68 mmol, 1 equiv) in pentane (12 mL) was 
prepared in a 300 mL round bottom flask. 7-chloronorbornadiene (3.35 g, 26.48 mmol, 
1.5 equiv) was added via pipette to the stirring solution of 1. Compound 2 (10.2 g, 17.68 
mmol, 1 equiv) was added as a solid to the 1/Nor-Cl/pentane homogenous mixture in 4 
fractions, 10 min apart. By the time the 4th fraction was added, orange precipitate (2-Cl) 
could be observed in the mixture. After the reaction mixture was allowed to stir for 3 h, 
2-Cl (9.476 g, 15.47 mmol, 87.5%) was collected on a sintered glass frit and washed with 
pentane. 2-Cl obtained in this manner was an orange powder clean by 1H NMR 
spectroscopy. The filtrate contained 1-CH, 2-Cl (~6:1), 1 and traces of 1-H and 1-Cl. The 
filtrate was dried under vacuum. The resulting brown residue was dissolved in diethyl 
ether (200 mL) and cooled down in the cold well. Solid KBz (2.587 g, 19.9 mmol, 
corresponding to [1 + 2 - 2-Cl] equiv) was added to the just thawing diethyl ether 
solution. The color gradually changed from brown-orange to brown-yellow. The reaction 
mixture was allowed to stir for 3 h. The 1H NMR spectrum of this mixture revealed the 
presence of (1-CK)2, 2-Bz and traces of 1-H.  The reaction mixture was filtered through a 
bed of Celite. The Celite was washed with toluene to dissolve any collected (1-CK)2. The 
filtrate was dried under vacuum. The resulting brown residue was suspended in pentane, 
and then filtered. The brown-yellow filter-cake was washed with pentane, then the solid 
was suspended in diethyl ether and the mixture was stirred and cooled to -35 ºC. The 
precipitate was collected by filtration and washed with a small amount of cold diethyl 
ether. The operation of purification by suspending the solid in diethyl ether, stirring, 
cooling, collecting by filtration was repeated twice, then the collected solid was dried in 
vacuo resulting in a yellow powder, which was pure (1-CK)2  (4.79 g, 3.54 mmol, 40%), 
as assessed by 1H NMR spectroscopy. 
 
 
 
Preparation of 1-CPClPh 
 
A suspension of (1-CK)2 (517.5 mg, 0.38 mmol, 1 equiv) in diethyl ether (15 mL) was 
added over a PhPCl2 (137 mg, 0.76 mmol, 2 equiv) /diethyl ether mixture (5 mL). The 
color of the reaction mixture turned brown. The reaction mixture was allowed to stir for 
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30 min, and then it was filtered through a bed of Celite. The brown precipitate collected 
on the Celite bed was washed with diethyl ether until the washings were colorless. The 
orange-brown filtrate was dried under vacuum. The resulting yellow-brown residue was 
suspended in pentane and cooled at -35 ºC. The desired product was collected on a 
sintered glass frit and washed with cold pentane. This procedure afforded 386.6 mg (0.50 
mmol, 65%) of 1-CPClPh as a yellow powder, in two crops. 
 
1H (CDCl3, 500 MHz): δ = 1.20 (s, 27H, C(CH3)3), 2.10 (s, 18H, ArCH3), 5.67 (br s, 6H, 
o-Ar-H), 6.74 (s, 3H, p-Ar-H), 7.44-7.48 (m, 3H, Ph-H), 8.03 (br s, 2H, Ph-H). 
 
31P (CDCl3, 121 MHz): δ = 94.0. 
 
13C (CDCl3, 126 MHz): δ = 21.5 (C(CH3)3), 33.4 (ArCH3), 61.6 (C(CH3)3), 127.6 (aryl), 
128.5 (aryl), 130.2 (aryl), 130.4 (aryl), 133.2 (d, aryl), 136.8 (aryl), 150.2 (aryl). 
 
Anal. calcd.: C, 66.23; N, 5.38; H, 7.57.  
Found: C, 66.68; N, 5.35; H, 7.70.  
 
 
Preparation of 1-CPPhNa(Et2O)(THF) 
 
A suspension of (1-CK)2 (790 mg, 0.58 mmol, 1 equiv) in diethyl ether (20 mL) was 
added over a PhPCl2 (209 mg, 1.17 mmol, 2 equiv) /diethyl ether mixture (5 mL). The 
reaction mixture was allowed to stir for 30 min, then insoluble material was removed by 
filtration and the filtrate was dried in vacuo. The resulting residue was dissolved in THF 
(10 mL) and added over 0.5% Na/Hg (Na: 121.1 mg, 5.26 mmol, 4.5 equiv; Hg: 24 g). 
The color of the reaction mixture turned green within 5 min and dark red within 1 h. The 
reaction mixture was stirred vigorously for 5.5 h, and then the THF solution was decanted 
from the amalgam and filtered through a bed of Celite to remove a gray powder. Volatile 
material was removed under vacuum to leave a red-orange residue. The residue was 
dissolved in diethyl ether and filtered again through Celite. The filtrations were repeated 
until no insoluble material was collected. The resulting diethyl ether solution was 
concentrated to saturation and cooled at -35 ºC. The desired product crystallized as dark 
red-orange blocks in 56% yield (603.5 mg, 0.66 mmol), in two crops. Removal of the 
solvent coordinated to the alkaline metal was not achieved by prolonged exposure to 
vacuum at 25 ºC. However, lyophilization allowed partial removal of diethyl ether.  
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1H (THF-d8, 500 MHz): δ = 1.34 (s, 27H, C(CH3)3), 2.07 (s, 18H, ArCH3), 5.78 (s, 6H, 
o-Ar-H), 6.38 (t, 1H, p-Ph-H), 6.59 (s, 3H, p-Ar-H), 6.77 (t, 2H, m-Ph-H), 7.51 (br s, 2H, 
o-Ph-H). 
 
31P (THF-d8, 121 MHz): δ = 103.5. 
 
13C (THF-d8, 126 MHz): δ = 21.9 (C(CH3)3), 33.9 (ArCH3), 61.4 (C(CH3)3), 118.9 (aryl), 
126.7 (aryl), 126.9 (aryl), 127.8 (d, aryl), 129.2 (aryl), 131.9 (aryl), 136.5 (aryl), 153.7 
(aryl). 
 
1H (C6D6, 500 MHz): δ = 1.10 (t, 6H, Et2O-Me), 1.35 (br t, 4H, THF-CH2), 1.59 (br s, 
27H, C(CH3)3), 2.19 (s, 18H, ArCH3), 3.24 (q, 4H, Et2O-OCH2), 3.48 (br t, 4H, THF-
OCH2), 6.40 (v br s, 6H, o-Ar-H), 6.72 (s, 3H, p-Ar-H), 6.84 (t, 1H, p-Ph-H), 7.28 (t, 2H, 
m-Ph-H), 8.07 (br s, 2H, o-Ph-H). 
 
31P (C6D6, 121 MHz): δ = 68.8 (br). 
 
Anal. calcd.: C, 67.06; N, 4.60; H, 8.43.  
Found: C, 67.08; N, 5.06; H, 8.28. 
 
 
Methine transfer reaction in toluene-d8 
 
A toluene-d8 solution of 7-choloronorbornadiene (11.6 mg, 0.092 mmol, 2 equiv) was 
added over a mixture of 2 (26.4 mg, 0.046 mmol, 1 equiv) and 1 (28.6 mg, 0.046 mmol, 1 
equiv) in a NMR tube. 1H NMR spectrum recorded after 2 h showed the presence of 2-Cl 
: 1-CH : C6H6 in approx 3 : 2 : 2 molar ratio.  
 
 
Preparation of 1-CPPhNa(12-crown-4)2 
 
A diethyl ether (2 mL) / 12-crown-4 (57 mg, 0.32 mmol, 2.5 equiv) mixture was added 
over a diethyl ether solution (5 mL) of 1-CPPhNa(Et2O)(THF) (117.7 mg, 0.13 mmol, 1 
equiv). Precipitation of a dark red-purple powder occurred upon mixing. The reaction 
mixture was allowed to stir for 30 min after which the precipitate was collected by 
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filtration and washed with diethyl ether. This procedure affords 106 mg (0.095 mmol, 
73%) 1-CPPhNa(12-crown-4)2. Recrystalization from a THF/diethyl ether mixture 
affords analytically pure 1-CPPh Na(12-crown-4)2. 
 
1H (THF-d8, 500 MHz): δ = 1.35 (s, 27H, tBu), 2.05 (s, 18H, ArCH3), 3.66 (s, 32H, 
crown-CH2), 5.77 (s, 6H, o-Ar-H), 6.21 (t, 1H, p-Ph-H), 6.54 (s, 3H, p-Ar-H), 6.66 (t, 
2H, m-Ph-H), 7.47 (br app t, 2H, o-Ph-H). 
 
31P (THF-d8, 121 MHz): δ = 126.1. 
 
13C (THF-d8, 126 MHz): δ = 21.9 (C(CH3)3), 34.2 (ArCH3), 61.3 (C(CH3)3), 67.0 
(crown-CH2), 101.2 (aryl), 107.8 (aryl), 117.1 (aryl), 126.2 (app d, aryl), 128.1 (aryl), 
131.9 (d, aryl), 136.2 (aryl), 154.5 (aryl). 
 
Anal. calcd.: C, 63.30; N, 3.75; H, 8.13.  
Found: C, 62.74; N, 3.97; H, 8.01.  
 
 
Preparation of (1-CPPh)2 
 
A red-orange diethyl ether solution (10 mL) of 1-CPPhNa(Et2O)(THF) (201.4 mg, 0.22 
mmol, 1 equiv) was added to a yellow diethyl ether solution (5 mL) of 1-CPClPh (172.0 
mg, 0.22 mmol, 1 equiv). The reaction mixture turned yellow. After stirring for 1 h, the 
reaction mixture was filtered through a bed of Celite. 1H NMR spectrum of the reaction 
mixture showed clean formation of a single product. The filtrate was dried under vacuum. 
Pentane was added to the resulting residue and stirred to generate a yellow suspension. 
This suspension was cooled at -35 ºC. The desired yellow product was collected on a frit 
by filtration. (1-CPPh)2 obtained in this manner amounts to 278 mg (0.187 mmol, 85%) 
 
1H (CDCl3, 500 MHz): δ = 1.20 (s, 27H, C(CH3)3), 2.10 (s, 18H, ArCH3), 5.63 (br s, 6H, 
o-Ar-H), 6.71 (s, 3H, p-Ar-H), 7.23-7.30 (m, 3H, Ph-H), 7.62 (br s, 2H, Ph-H). 
 
1H (C6D6, 500 MHz): δ = 1.55 (s, 27H, C(CH3)3), 2.10 (s, 18H, ArCH3), 5.88-6.08 (two 
br s, 6H, o-Ar-H), 6.67 (s, 3H, p-Ar-H), 7.18-7.26 (m, 3H, Ph-H), 8.00 (br s, 2H, Ph-H). 
 
31P (CDCl3, 121 MHz): δ = 50.4. 
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13C (CDCl3, 126 MHz): δ = 21.6 (C(CH3)3), 33.6 (ArCH3), 61.4 (C(CH3)3), 127.1(aryl), 
127.5 (aryl), 128.7 (aryl), 130.7 (aryl), 136.3 (aryl), 137.6 (aryl), 151.0 (aryl). 
 
Anal. calcd.: C, 69.38; N, 5.64; H, 7.92.  
Found: C, 68.75; N, 5.70; H, 7.78.  
 
 
Generation of (1-CPPh)2 by halogen abstraction from 1-CPClPh 
 
A solution of 2 (31.4 mg, 0.054 mmol, 1 equiv) in dietyl ether (3 mL) was added over a 
yellow solution of 1-CPClPh (42.6 mg, 0.054 mmol, 1 equiv) in diethyl ether (5 mL). The 
color of the reaction mixture turned orange upon mixing. The reaction mixture was 
allowed to stir for 30 min, and then the volatile material was removed under vacuum. 1H 
NMR spectrum of the crude reaction mixture showed clean formation of 2-Cl and (1-
CPPh)2 in 2:1 molar ratio.  
 
 
Reduction of (1-CPPh)2  
 
A THF solution (5 mL) of (1-CPPh)2 (78 mg, 0.052 mmol, 1 equiv) was stirred over 
0.5% Na/Hg (Na: 12 mg 0.52 mmol, 10 equiv; Hg: 2.4 g) for 4 h. After 4 h of stirring, 
compound 1-CPPhNa(Et2O)(THF) was the major product as assessed by 1H NMR 
spectroscopy. Traces of starting material and an unidentified diamagnetic compound also 
could be observed in the 1H NMR spectrum. 
 
 
Preparation of 2-Bz 
 
Solid KBz (105 mg, 0.808 mmol, 1.05 equiv) was added over a cold solution (-35 ºC) of 
1-Cl (472.3 mg, 0.771 mmol, 1 equiv) in diethyl ether (15 mL). The color of the reaction 
mixture turned from orange red to bright red-orange. After 3 h of stirring, the reaction 
reaction mixture was filtered through a bed of Celite to remove KCl and the filtrate was 
dried in vacuo. 1H NMR spectrum of the residue showed presence of a single product. 
Recrystallization from concentrated pentane solution at -35 ºC afforded 2-Bz (324.2 mg, 
0.486 mmol, 63%) as bright red orange crystals. 
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1H (CDCl3, 500 MHz): δ = 1.18 (s, 27H, C(CH3)3), 2.05 (s, 2H, CH2), 2.38 (s, 18H, 
ArCH3), 6.11 (d, 2H, o-Ph-H), 6.74 (t, 1H, p-Ph-H), 6.82 (s, 6H, o-Ar-H), 6.88 (s, 3H, p-
Ar-H), 6.95 (t, 2H, m-Ph-H). 
 
1H (C6D6): δ = 1.29 (s, 27H, C(CH3)3), 2.27 (s, 18H, ArCH3), 2.41 (s, 2H, CH2), 6.36 (d, 
2H, o-Ph-H), 6.77 (s, 3H, p-Ar-H), 6.83 (t, 1H, p-Ph-H), 7.02 (s, 6H, o-Ar-H), 7.06 (t, 
2H, m-Ph-H). 
 
13C (CDCl3, 126 MHz): δ = 21.6 (C(CH3)3), 30.6 (ArCH3), 62.1 (C(CH3)3), 81.3 (CH2), 
121.2 (aryl), 127.0 (aryl), 127.2 (aryl), 127.4 (aryl), 130.2 (aryl), 136.9 (aryl), 148.0 
(aryl), 151.4 (aryl). 
 
Anal. calcd.: C, 77.39; N, 6.29; H, 9.14. 
Found: C, 77.45; N, 6.39; H, 9.14. 
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Supporting information for computational studies 
 
General considerations  
The DFT calculations was performed using the ADF package (release 2000.01).7,8,9 The 
Slater-type orbital (STO) basis sets employed for N, C, H, O, S, F, Cl and P were of 
triple-ζ quality augmented with two polarization functions (ADF basis V). The frozen 
core approach was used for Mo (including the 3d shell). The STO basis set for the 
valence shell of Mo was of triple-ζ quality (ADF basis IV). The GGA (generalized 
gradient approximation) functional took the form of Perdew and Wang.10 This functional 
is known as PW91 and includes PW91c for correlation correction and PW91x for 
exchange correction. The VWN (Vosko, Wilk and Nusair)11 functional was used for LDA 
(local density approximation). The NMR shielding calculations were performed on 
geometry-optimized model compounds using the utility program developed by Ziegler et 
al and based on the ADF code.12,13,14 The chemical shift was reported relative to 85% 
H3PO4. Computationally, OPCl3 was used as a reference (having a single possible 
symmetry). The chemical shifts were derived from the shieldings using the following 
formula:15 
 
δcompound =  δOPCl3 +  σ OPCl3 + σ compound 
 
 
 
 
 
 
                                                 
7 Baerends, E. J.; Ellis, D. E.; Ros, P. Chem. Phys. 1973, 2, 41. 
8 Versluis, L.; Ziegler, T. J. Chem. Phys. 1988, 88, 322. 
9 te Velde, G.; Baerends, E. J. J. Comput. Phys. 1992, 99, 84. 
10 Perdew, J. P.; Chevary, J. A.; Vosko, S. H.; Jackson, K. A.; Pederson, M. R.; Singh, 
D.J.; Fiolhais, C. Phys. Rev. B 1992, 46, 6671. 
11 Vosko, S. H.; Wilk, L.; Nusair, M. Can. J. Phys. 1980, 58, 1200. 
12 Wolff, S. K.; Ziegler, T. J. Chem. Phys. 1998, 109, 895. 
13 Schreckenbach, G; Ziegler, T. Int. J. Quantum Chem. 1997, 61, 899. 
14 Schreckenbach, G; Ziegler, T. J. Phys. Chem. 1995, 99, 606. 
15  Mason, J. E. Multinuclear NMR; Plenum Press: New York, 1987. 
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Table 1. Calculated and crystallographically determined structural parameters for 
(H2N)3MoCPPh and 1-CPPh anions. 
 
Structural parameter Calculated (Å, º) Crystallographically determined (Å, º) 
Mo-C(1) 1.777 1.762(5) 
Mo-N 2.010 1.973(4), 1.993(4), 1.999(4) 
P-C(1) 1.743 1.771(5) 
P-C (41) 1.846 1.826(5) 
C(1)-P-C(41) 104.7 106.0(2) 
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Table 2 List of model compounds, calculated 31P NMR shielding and chemical shifts, 
experimental chemical shifts and the corresponding compounds. 
 
Model compound Calc. σ Calc. δ Exp. δ Compound 
OPCl3 293 3 (ref) 3 OPCl3 
OPF3 336 -40 -36 OPF3 
PMo(NH2)3 -929 1225 1224 PMo(N[t-Bu]Ar)3 
   1256 PMo(N[i-Pr]Ar)3 
   1216 PMo(N[t-Bu]Ph)3 
P3Mo(NH2)3 486 -190 -185 P3Mo(N[i-Pr]Ar)3 
OPMo(NH2)3 -3 299 270 OPMo(N[t-Bu]Ph)3 
SPMo(NH2)3 -126 422 383 SPMo(N[t-Bu]Ph)3 
PhPCMo(NH2)3 
anion 
164 132 126.1 
 
Na(12-crown-4)2PhPCMo(N[t-Bu]Ar)3 
in THF-d8 
   103.5 Na(Et2O)(THF)PhPCMo(N[t-Bu]Ar)3 
in THF-d8 
   68.8 Na(Et2O)(THF)PhPCMo(N[t-Bu]Ar)3 
in C6D6 
 
Input file: 
Parallel Execution: Process Information 
 ======================================= 
 
 Actual Number of Tasks running:     1 
 The Master (kid 0) runs on host localhost 
(INPUT FILE) 
title  X3MoCPPh anion in Cs 
 
atoms Z-matrix 
1 C    0 0 0 0 0 0 
2 Mo 1 0 0 a 0 0 
3 N 2 1 0 b b b 0 
 11
4 H 3 2 1 c cc 0 
5 H 3 2 1 c cc 180 
6 N 2 1 3 b bb 120 
7 H 6 2 1 c cc 0 
8 H 6 2 1 c cc 180 
9 N 2 1 6 b bb 120 
10 H 9 2 1 c cc 0 
11 H 9 2 1 c cc 180 
12 P 2 3 1 d bb 0 
13 C 12 2 3 e ee 180 
14 C 12 2 3 f ee 180 
15 H 12 2 3 g ee 180 
16 C 13 12 1 h 120 0 
17 C 13 12 1 h 120 180 
18 H 16 13 12 1.1 120 0 
19 H 17 13 12 1.1 120 0 
20 C 16 13 12 j 120 180 
21 C 17 13 12 j 120 180 
22 H 20 16 13 1.1 120 180 
23 H 21 17 13 1.1 120 180 
end 
 
geovar 
a 1.75 
d 3.4 
b 2 
bb 100 
c 1.02 
cc 120 
e 1.7 
ee 90 
f 4.3 
g 5.4 
h 1.4 
j 1.4 
end 
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Symmetry=C(s) 
 
fragments 
Mo t21.Mo 
N t21.N 
P t21.P 
H t21.H 
Cl t21.Cl 
C t21.C 
end 
 
XC 
GGA PW91 
END 
 
charge -1 
 
scf 
ITERATIONS 99 
MIXING 0.05 
end 
 
geometry 
optim internal selected 
end 
 
end input 
 
 
************************************************************************
******* 
 *                                                                             * 
 *  -------------------------------------                                      * 
 *   Amsterdam Density Functional  (ADF)         2000.01   17 May, 2000        * 
 *  -------------------------------------                                      * 
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 *                                                                             * 
 *                                                                             * 
 *                              =================                              * 
 *                              |                 |                              * 
 *                              |     A D F      |                              * 
 *                              |                 |                              * 
 *                              =================                              * 
 *                                                                             * 
 *                                                                             * 
 *   Online information and documentation:  http://www.scm.com                 * 
 *   E-mail:  support@scm.com   info@scm.com                                   * 
 *                                                                             * 
 *   Scientific publications using ADF results must be properly referenced     * 
 *   See the User Manuals (or the web site) for recommended citations          * 
 *                                                                             * 
 ******************************  pentium_linux  
******************************** 
  
 ADF 2000.01  RunTime: Sep06-2001 18:31:31 
 X3MoCPPh anion in Cs 
 
 
 =========================== 
 A T T A C H E D   F I L E S 
 =========================== 
   
 
 
 =============================== 
 M O D E L   P A R A M E T E R S 
 =============================== 
   
 DENSITY FUNCTIONAL POTENTIAL (scf) 
    LDA:                               VWN                                       
    Gradient Corrections:              PW91x PW91c                             == Not Default == 
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 SPIN  (restricted / unrestr.) 
    Molecule:                          Restricted                                
    Fragments:                         Restricted                                
 
 OTHER ASPECTS 
    Relativistic Corrections:          ---                                       
    Core Treatment:                    Frozen Orbital(s)                         
 
    Electric Field:                    ---                                       
 
    Magnetic Field:                    ---                                       
 
 
 Fragment File(s) 
 ---------------- 
 C: 
         file : t21.C 
         jobid: ADF 2000.01  RunTime: Sep06-2001 18:31:29 
         title: Carbon (V) 
 Mo: 
         file : t21.Mo 
         jobid: ADF 2000.01  RunTime: Sep06-2001 18:31:19 
         title: Molybdenum (IV, 3d frozen) 
 N: 
         file : t21.N 
         jobid: ADF 2000.01  RunTime: Sep06-2001 18:31:22 
         title: Nitrogen (V) 
 H: 
         file : t21.H 
         jobid: ADF 2000.01  RunTime: Sep06-2001 18:31:26 
         title: Hydrogen (V) 
 P: 
         file : t21.P 
         jobid: ADF 2000.01  RunTime: Sep06-2001 18:31:24 
         title: Phosphorus (V) 
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Supporting information for the X-ray crystal structure study 
 
The X-ray data collections were carried out on a Siemens Platform three-circle 
goniometer with a CCD detector using Mo-Ka radiation (l = 0.71073 Å). The data were 
processed utilizing the program SAINT supplied by Siemens Industrial Automation, Inc. 
Inside the glove box, crystals of 1-CPPhNa(Et2O)(THF) grown from a concentrated 
diethyl ether solution at -35 ºC were coated with Paratone N oil (an Exxon product) on a 
microscope slide. A red plate of approximate dimensions 0.31 x 0.21 x 0.16 mm3 was 
selected and mounted with wax on a glass fiber. 
A total of 22720 reflections (-19 ≤ h ≤ 31, -12 ≤ k ≤ 11, -42 ≤ l ≤ 42) were 
collected at 183(2) K in the t range of 2.18 to 23.29 º, of which 8301 were unique (Rint = 
0.0369). The structure was solved using the Patterson method (SHELXTL V5.1, G. M. 
Sheldrick and Siemens Industrial Automation, Inc., 1997) in conjunction with standard 
difference Fourier techniques. The unit cell contains a molecule of diethyl ether as 
crystallization solvent. The atoms seem very disordered and also a symmetrical molecule 
appears when the symmetry operations are performed. For this reason, the occupancy of 
the solvent atoms has been fixed to 50% and the bond distances within the molecule have 
been restrained to 1.43 and 1.54 Å for the C-O and the C-C bonds, respectively. All non-
hydrogen atoms were refined anisotropically with the exception of the solvent atoms to 
which no hydrogen atoms have been added. Almost all the other hydrogen atoms were 
located in the electronic density map and refined isotropically, with the exception of the 
hydrogen atoms belonging to C5S, C151, C251, C110, C2S and C8S which were placed 
in calculated dCH = 0.96 Å positions. The residual peak and hole electron density were 
0.908 and -0.717 e·Å3, respectively. A semi-empirical absorption correction was applied 
based on pseudo-psi-scans with maximum and minimum transmission equal to 0.9536 
and 0.9128, respectively. The least squares refinement converged normally with residuals 
of R1=0.0664, wR2=0.1574 based on I > 2sI and GOF = 1.304 (based on F2).  No 
extinction coefficient was applied to the refinement.     
 
Crystal and refinement data 
 
formula = C106H154N6O5Na2Mo2; 
space group, C2/c; 
a = 28.0270(19) Å; 
b = 11.0543(7) Å; 
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c = 38.510(3) Å; 
α = 90º; 
β = 104.7850(10)º; 
γ = 90º; 
Z = 4; 
V = 11536.2(13) Å3; 
Dcalcd = 1.089 g·cm-3; 
F(000) = 4032; 
R (based on F) = 0.0732; 
wR (based on F2) = 0.1604. 
 
 
Table 1. Atomic coordinates [ x 104] and equivalent isotropic displacement parameters 
[Å2 x 103] for 1-CPPhNa(Et2O)(THF). Ueq is defined as one third of the trace of the 
orthogonalized Uij tensor. 
___________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
  
Mo 1734(1)    550(1)        1021(1) 24(1) 
P   703(1)   -379(1) 341(1) 29(1) 
Na -320(1)   -560(2) 397(1) 44(1) 
O(1S) -467(2) -2462(4) 589(1) 55(1) 
N(1) 2253(2)    861(4) 761(1) 32(1) 
C(1) 1241(2)     -28(4) 682(1) 26(1) 
C(1S) -928(3) -2895(7) 634(3) 64(2) 
O(2S) -719(2)   537(4) 750(1) 55(1) 
N(2) 1434(2) 2036(4)          1154(1) 29(1) 
C(2S) -820(3) -4019(8) 852(3) 82(2) 
N(3) 1881(2)   -734(4)         1399(1) 28(1) 
C(3S) -289(4) -4053(11) 993(3) 88(3) 
C(4S) -92(2) -3336(7) 735(2) 52(2) 
C(5S) -243(3) -206(8) 1298(2) 82(2) 
C(6S) -643(4) 608(10) 1123(2) 81(3) 
C(7S) -1191(3) 1019(8) 550(2) 68(2) 
C(8S) -1243(4) 2331(8) 585(2) 92(3) 
C(11) 2558(2) 1873(5) 920(1) 33(1) 
C(12) 2438(2) 3047(5) 797(2) 36(1) 
C(13) 2714(2) 4037(5) 947(2) 40(1) 
C(14) 3124(2) 3839(6) 1226(2) 48(2) 
C(15) 3261(2) 2681(6) 1359(2) 49(2) 
C(16) 2967(2) 1700(6) 1202(2) 39(1) 
C(17) 2321(2) 449(5) 404(1) 40(1) 
C(18) 1993(3) 1189(7) 99(2) 54(2) 
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C(19) 2861(3) 596(8) 393(2) 58(2) 
C(21) 1639(2) 2344(4) 1528(1) 29(1) 
C(22) 1427(2) 1889(5) 1793(1) 33(1) 
C(23) 1613(2) 2195(5) 2151(1) 38(1) 
C(24) 2015(2) 2961(5) 2243(2) 41(1) 
C(25) 2232(2) 3443(5) 1988(1) 39(1) 
C(26) 2042(2) 3115(5) 1630(1) 31(1) 
C(27) 999(2) 2781(5) 962(1) 33(1) 
C(28) 1039(3) 4069(6) 1102(2) 47(2) 
C(29) 990(2) 2826(6) 567(2) 37(1) 
C(31) 2390(2) -667(4) 1596(1) 30(1) 
C(32) 2745(2) -1379(5) 1498(1) 37(1) 
C(33) 3235(2) -1333(6) 1686(2) 46(2) 
C(34) 3371(2) -558(6) 1974(2) 45(2) 
C(35) 3036(2) 184(5) 2079(1) 35(1) 
C(36) 2548(2) 119(5) 1888(1) 31(1) 
C(37) 1596(2) -1729(5) 1517(1) 34(1) 
C(38) 1052(2) -1590(7) 1323(2) 45(2) 
C(39) 1777(3) -2972(6) 1443(2) 55(2) 
C(41) 750(2) -1983(5) 241(1) 28(1) 
C(42) 1140(2) -2748(5) 403(1) 35(1) 
C(43) 1146(2) -3941(5) 306(2) 40(1) 
C(44) 756(2) -4422(6) 46(2) 44(2) 
C(45) 366(2) -3702(5) -117(2) 38(1) 
C(46) 364(2) -2494(5) -20(1) 33(1) 
C(110) 2181(3) -884(6) 356(2) 46(2) 
C(131) 2564(3) 5285(6) 817(3) 57(2) 
C(151) 3714(2) 2473(8) 1666(2) 69(2) 
C(210) 524(2) 2197(7) 1006(2) 44(2) 
C(231) 1386(3) 1667(8) 2436(2) 55(2) 
C(251) 2664(2) 4280(6) 2094(2) 51(2) 
C(310) 1648(3) -1611(7) 1923(2) 46(2) 
C(331) 3609(4) -2148(11) 1575(3) 78(3) 
C(351) 3193(3) 1014(7) 2396(2) 50(2) 
C(11S) 430(11) -5130(30) 2026(8) 147(10) 
O(3S) 159(11) -6220(30) 1975(8) 246(12) 
C(12S) 317(14) -3800(30) 2110(10) 199(14) 
C(9S) 155(13) -6910(30) 2291(9) 194(14) 
C(10S) -36(15) -8220(30) 2300(9) 210(16) 
____________________________________________________________________ 
 
 
 
 
Table 2. Bond lengths [Å] and angles [º] for 1-CPPhNa(Et2O)(THF). 
_____________________________________________________  
Mo-C(1)  1.762(5) 
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Mo-N(2)  1.973(4) 
Mo-N(1)  1.993(4) 
Mo-N(3)  1.999(4) 
P-C(1)  1.771(5) 
P-C(41)  1.826(5) 
P-Na  2.936(3) 
P-Na#1  2.958(2) 
Na-O(1S)  2.299(5) 
Na-O(2S)  2.311(5) 
Na-P#1  2.958(2) 
Na-Na#1  4.112(4) 
O(1S)-C(1S)  1.429(8) 
O(1S)-C(4S)  1.433(8) 
N(1)-C(11)  1.447(6) 
N(1)-C(17)  1.509(7) 
C(1S)-C(2S)  1.486(11) 
O(2S)-C(6S)  1.398(9) 
O(2S)-C(7S)  1.453(9) 
N(2)-C(21)  1.448(6) 
N(2)-C(27)  1.500(6) 
C(2S)-C(3S)  1.448(12) 
N(3)-C(31)  1.437(6) 
N(3)-C(37)  1.497(6) 
C(3S)-C(4S)  1.483(11) 
C(5S)-C(6S)  1.462(12) 
C(7S)-C(8S)  1.468(12) 
C(11)-C(16)  1.377(8) 
C(11)-C(12)  1.393(8) 
C(12)-C(13)  1.380(8) 
C(13)-C(14)  1.373(9) 
C(13)-C(131)  1.492(10) 
C(14)-C(15)  1.397(9) 
C(15)-C(16)  1.402(8) 
C(15)-C(151)  1.515(8) 
C(17)-C(110)  1.524(8) 
C(17)-C(18)  1.530(9) 
C(17)-C(19)  1.531(8) 
C(21)-C(26)  1.389(7) 
C(21)-C(22)  1.398(7) 
C(22)-C(23)  1.386(7) 
C(23)-C(24)  1.381(8) 
C(23)-C(231)  1.516(9) 
C(24)-C(25)  1.386(8) 
C(25)-C(26)  1.395(7) 
C(25)-C(251)  1.497(8) 
C(27)-C(28)  1.517(8) 
C(27)-C(29)  1.518(8) 
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C(27)-C(210)  1.528(8) 
C(31)-C(32)  1.397(7) 
C(31)-C(36)  1.397(7) 
C(32)-C(33)  1.380(8) 
C(33)-C(34)  1.378(9) 
C(33)-C(331)  1.522(10) 
C(34)-C(35)  1.384(8) 
C(35)-C(36)  1.380(7) 
C(35)-C(351)  1.502(8) 
C(37)-C(39)  1.517(9) 
C(37)-C(38)  1.526(8) 
C(37)-C(310)  1.537(8) 
C(41)-C(46)  1.396(7) 
C(41)-C(42)  1.398(7) 
C(42)-C(43)  1.372(8) 
C(43)-C(44)  1.387(8) 
C(44)-C(45)  1.369(8) 
C(45)-C(46)  1.386(8) 
C(11S)-O(3S)  1.407(18) 
C(11S)-C(12S)  1.554(19) 
O(3S)-C(9S)  1.441(18) 
C(9S)-C(10S)  1.546(19) 
C(9S)-C(9S)#2  2.01(6) 
C(10S)-C(10S)#2  1.50(7) 
 
C(1)-Mo-N(2) 100.82(19) 
C(1)-Mo-N(1) 103.03(19) 
N(2)-Mo-N(1) 113.63(17) 
C(1)-Mo-N(3) 105.02(19) 
N(2)-Mo-N(3) 115.07(17) 
N(1)-Mo-N(3) 116.60(17) 
C(1)-P-C(41) 106.0(2) 
C(1)-P-Na 128.52(17) 
C(41)-P-Na 94.20(16) 
C(1)-P-Na#1 131.79(17) 
C(41)-P-Na#1 99.60(16) 
Na-P-Na#1 88.48(7) 
O(1S)-Na-O(2S) 97.93(17) 
O(1S)-Na-P 110.13(13) 
O(2S)-Na-P 129.41(14) 
O(1S)-Na-P#1 125.35(15) 
O(2S)-Na-P#1 105.66(14) 
P-Na-P#1 91.52(7) 
O(1S)-Na-Na#1 131.44(15) 
O(2S)-Na-Na#1 130.36(16) 
P-Na-Na#1 45.97(5) 
P#1-Na-Na#1 45.55(5) 
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C(1S)-O(1S)-C(4S) 108.7(5) 
C(1S)-O(1S)-Na 126.0(4) 
C(4S)-O(1S)-Na 124.7(4) 
C(11)-N(1)-C(17) 114.9(4) 
C(11)-N(1)-Mo 110.4(3) 
C(17)-N(1)-Mo 133.3(3) 
Mo-C(1)-P 171.0(3) 
O(1S)-C(1S)-C(2S) 106.9(6) 
C(6S)-O(2S)-C(7S) 113.8(6) 
C(6S)-O(2S)-Na 131.5(5) 
C(7S)-O(2S)-Na 113.1(4) 
C(21)-N(2)-C(27) 115.3(4) 
C(21)-N(2)-Mo 111.5(3) 
C(27)-N(2)-Mo 132.5(3) 
C(3S)-C(2S)-C(1S) 105.9(7) 
C(31)-N(3)-C(37) 114.3(4) 
C(31)-N(3)-Mo 109.9(3) 
C(37)-N(3)-Mo 135.8(3) 
C(2S)-C(3S)-C(4S) 105.0(7) 
O(1S)-C(4S)-C(3S) 105.3(6) 
O(2S)-C(6S)-C(5S) 109.8(7) 
O(2S)-C(7S)-C(8S) 114.3(7) 
C(16)-C(11)-C(12) 118.6(5) 
C(16)-C(11)-N(1) 120.7(5) 
C(12)-C(11)-N(1) 120.7(5) 
C(13)-C(12)-C(11) 122.3(6) 
C(14)-C(13)-C(12) 117.9(6) 
C(14)-C(13)-C(131) 121.3(6) 
C(12)-C(13)-C(131) 120.8(6) 
C(13)-C(14)-C(15) 122.1(5) 
C(14)-C(15)-C(16) 118.3(5) 
C(14)-C(15)-C(151) 121.6(6) 
C(16)-C(15)-C(151) 120.1(6) 
C(11)-C(16)-C(15) 120.8(6) 
N(1)-C(17)-C(110) 108.1(4) 
N(1)-C(17)-C(18) 110.2(5) 
C(110)-C(17)-C(18) 109.8(5) 
N(1)-C(17)-C(19) 110.4(5) 
C(110)-C(17)-C(19) 109.0(6) 
C(18)-C(17)-C(19) 109.2(6) 
C(26)-C(21)-C(22) 118.8(5) 
C(26)-C(21)-N(2) 120.8(5) 
C(22)-C(21)-N(2) 120.4(4) 
C(23)-C(22)-C(21) 121.1(5) 
C(24)-C(23)-C(22) 118.5(5) 
C(24)-C(23)-C(231) 121.1(6) 
C(22)-C(23)-C(231) 120.3(6) 
 21
C(23)-C(24)-C(25) 122.2(5) 
C(24)-C(25)-C(26) 118.3(5) 
C(24)-C(25)-C(251) 121.2(5) 
C(26)-C(25)-C(251) 120.5(5) 
C(21)-C(26)-C(25) 121.0(5) 
N(2)-C(27)-C(28) 111.3(4) 
N(2)-C(27)-C(29) 108.5(4) 
C(28)-C(27)-C(29) 107.8(5) 
N(2)-C(27)-C(210) 109.6(4) 
C(28)-C(27)-C(210) 110.2(5) 
C(29)-C(27)-C(210) 109.4(5) 
C(32)-C(31)-C(36) 117.8(5) 
C(32)-C(31)-N(3) 120.5(4) 
C(36)-C(31)-N(3) 121.7(5) 
C(33)-C(32)-C(31) 121.3(5) 
C(34)-C(33)-C(32) 118.7(5) 
C(34)-C(33)-C(331) 121.6(6) 
C(32)-C(33)-C(331) 119.7(6) 
C(33)-C(34)-C(35) 122.3(5) 
C(36)-C(35)-C(34) 117.9(5) 
C(36)-C(35)-C(351) 120.8(5) 
C(34)-C(35)-C(351) 121.3(5) 
C(35)-C(36)-C(31) 121.9(5) 
N(3)-C(37)-C(39) 112.2(5) 
N(3)-C(37)-C(38) 108.7(4) 
C(39)-C(37)-C(38) 109.8(5) 
N(3)-C(37)-C(310) 109.2(4) 
C(39)-C(37)-C(310) 108.6(5) 
C(38)-C(37)-C(310) 108.3(5) 
C(46)-C(41)-C(42) 116.9(5) 
C(46)-C(41)-P 117.4(4) 
C(42)-C(41)-P 125.7(4) 
C(43)-C(42)-C(41) 121.5(5) 
C(42)-C(43)-C(44) 120.3(6) 
C(45)-C(44)-C(43) 119.8(6) 
C(44)-C(45)-C(46) 119.7(5) 
C(45)-C(46)-C(41) 121.8(5) 
O(3S)-C(11S)-C(12S) 135(3) 
C(11S)-O(3S)-C(9S) 117(3) 
O(3S)-C(9S)-C(10S) 126(3) 
O(3S)-C(9S)-C(9S)#2 141(3) 
C(10S)-C(9S)-C(9S)#2 76(2) 
C(10S)#2-C(10S)-C(9S) 94(2) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x,-y,-z    #2 -x,y,-z+1/2       
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Table 3.   Anisotropic displacement parameters [Å2 x 103] for 1-CPPhNa(Et2O)(THF).  
____________________________________________________________________ 
 U11 U22  U33 U23 U13 U12 
____________________________________________________________________ 
Mo 25(1)  24(1) 20(1)  0(1) 2(1)  -3(1) 
P 29(1)  28(1) 27(1)  -3(1) 0(1)  -3(1) 
Na 43(1)  50(1) 41(1)  6(1) 15(1)  3(1) 
O(1S) 43(2)  52(3) 72(3)  10(2) 17(2)  0(2) 
N(1) 33(2)  35(2) 28(2)  -2(2) 8(2)  -6(2) 
C(1) 30(3)  27(3) 22(2)  3(2) 6(2)  2(2) 
C(1S) 44(4)  62(5) 85(6)  6(4) 18(4)  -2(4) 
O(2S) 55(3)  65(3) 52(3)  -9(2) 25(2)  -2(2) 
N(2) 32(2)  25(2) 29(2)  -4(2) 4(2)  -2(2) 
C(2S) 64(5)  87(6) 107(7)  26(5) 41(5)  -4(4) 
N(3) 30(2)  28(2) 23(2)  0(2) 0(2)  -1(2) 
C(3S) 67(6)  99(7) 99(8)  41(6) 25(6)  9(5) 
C(4S) 38(4)  53(4) 63(4)  -1(4) 11(3)  -2(3) 
C(5S) 93(6)  87(6) 67(5)  12(5) 21(5)  -10(5) 
C(6S) 70(6)  120(8) 54(5)  0(5) 20(4)  6(6) 
C(7S) 50(4)  83(6) 73(5)  -5(4) 19(4)  3(4) 
C(8S) 122(8)  95(7) 78(6)  13(5) 58(6)  34(6) 
C(11) 28(3)  44(3) 29(3)  -6(2) 10(2)  -10(2) 
C(12) 32(3)  38(3) 41(3)  -5(3) 12(3)  -8(3) 
C(13) 37(3)  42(3) 46(3)  -10(3) 19(3)  -14(3) 
C(14) 47(4)  52(4) 48(4)  -14(3) 18(3)  -25(3) 
C(15) 38(3)  76(5) 32(3)  -6(3) 10(3)  -24(3) 
C(16) 37(3)  46(4) 33(3)  0(3) 8(3)  -12(3) 
C(17) 44(3)  44(3) 35(3)  -3(3) 17(3)  -10(3) 
C(18) 71(5)  59(5) 32(3)  -2(3) 14(3)  -5(4) 
C(19) 49(4)  78(6) 53(4)  -17(4) 26(4)  -14(4) 
C(21) 29(3)  26(3) 30(3)  -4(2) 4(2)  8(2) 
C(22) 33(3)  30(3) 35(3)  -1(2) 6(2)  3(2) 
C(23) 46(3)  38(3) 31(3)  0(2) 15(3)  7(3) 
C(24) 45(3)  43(3) 33(3)  -9(3) 6(3)  7(3) 
C(25) 39(3)  41(3) 35(3)  -6(3) 6(3)  0(3) 
C(26) 32(3)  32(3) 29(3)  -5(2) 7(2)  -2(2) 
C(27) 32(3)  29(3) 33(3)  -2(2) 1(2)  2(2) 
C(28) 52(4)  38(4) 46(4)  -2(3) 3(4)  7(3) 
C(29) 36(3)  29(3) 41(3)  9(3) 0(3)  2(3) 
C(31) 36(3)  26(3) 25(3)  1(2) 2(2)  -2(2) 
C(32) 40(3)  42(3) 27(3)  0(3) 5(2)  7(3) 
C(33) 41(3)  57(4) 38(3)  0(3) 9(3)  14(3) 
C(34) 25(3)  64(4) 39(3)  5(3) -4(3)  4(3) 
C(35) 33(3)  41(3) 28(3)  3(2) 2(2)  -3(2) 
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C(36) 32(3)  31(3) 28(3)  4(2) 6(2)  3(2) 
C(37) 42(3)  30(3) 27(3)  7(2) 1(2)  -9(2) 
C(38) 41(3)  50(4) 39(4)  12(3) 1(3)  -16(3) 
C(39) 80(5)  31(4) 52(4)  4(3) 16(4)  -10(3) 
C(41) 24(3)  33(3) 27(3)  1(2) 5(2)  -7(2) 
C(42) 35(3)  38(3) 28(3)  5(2) 2(2)  -7(3) 
C(43) 43(3)  32(3) 39(3)  7(3) -2(3)  4(3) 
C(44) 64(4)  24(3) 41(3)  1(3) 7(3)  3(3) 
C(45) 42(3)  31(3) 35(3)  -4(2) 1(3)  -7(3) 
C(46) 35(3)  32(3) 29(3)  1(2) 2(2)  1(2) 
C(110) 51(4)  46(4) 44(4)  -13(3) 20(3)  -9(3) 
C(131) 59(5)  36(4) 84(6)  -8(4) 32(4)  -9(3) 
C(151) 53(4)  101(6) 42(4)  4(4) -10(3)  -35(4) 
C(210) 32(3)  58(4) 38(4)  5(3) 3(3)  5(3) 
C(231) 64(5)  68(5) 39(4)  2(4) 23(4)  2(5) 
C(251) 49(4)  53(4) 45(3)  -12(3) 0(3)  -13(3) 
C(310) 58(4)  47(4) 34(3)  7(3) 12(3)  -12(4) 
C(331) 53(5)  123(8) 50(5)  -27(6) 2(4)  31(5) 
C(351) 49(4)  53(4) 43(4)  -8(3) 1(3)  -8(3) 
____________________________________________________________________ 
  
